INTRODUCTION
In mountain torrents the traditional methods used for flood hazard analysis (hydrological-hydraulic, palaeohydrological and geological-geomorphological) present enormous scientific uncertainties because of the lack of availability of input data. Normally, in these areas there are very few meteorological and flow gauge stations, or even none at all; their space-time validity may be heterogeneous due to altitude distribution (concentrated in lower level urban areas), and the time series could be discontinued or statistically not representative when fewer than 30 data samples are available. Historic and palaeohydrological data are often used to complete the systematic data log (Benito & Thorndycraft ) ; however, many of the analysed areas do not have available documentation on historic flooding as they are a considerable distance from administrative centres and document production centres.
There are often no records of flood deposits either, as there are no debris materials in the source area, or no appropriate deposit-prone or retention areas (because of the high steep dynamic velocities). As a result, in the absence of input data, it is very difficult to apply reliable statistical analyses or hydrometeorological models that are adequately calibrated and validated. In the upper basins, conditions for stable human activities such as agriculture and industry are less favourable, significant forest areas have survived and in almost all high-gradient river beds, trees and riparian or other species can be easily found on or near river banks.
The growth distribution pattern and single trees of these plant species are affected by the interference of flash floods occurring in these river courses and on their banks. Dendrogeomorphology (Alestalo ) uses information sources recorded in the roots, trunks and branches of trees and bushes located at specific geomorphological points (river banks, bars, flood plains, etc.), to complement (or even replace) the record of flash floods that have occurred in a water stream (Díez Herrero et al. ) . This scientific analysis involves the following research: finding examples with ideal dendro-evidence (exposed roots, adventitious branches, impact scarring, etc.); species selection with homogeneous growth; planned sampling of ring sequences; study of plant anatomy searching for characteristic signatures of flash flood events; synchronization of ring sequences for event dating; including events to better fit the frequency distribution function; hydraulic modelling of the site to estimate flow rates; assigning magnitudes to the estimated frequencies. This allows systematic record data series to be extended, completed or even replaced using proxy data evidencing physical events, not statistical models.
The key aim of this paper is therefore to propose a methodological scheme or protocol for the use of dendrogeomorphological data in flood risk analysis. The objective of this methodological protocol is to improve frequency and magnitude estimates for flash floods and enable the implementation of more effective preventive measures for mitigation of related risks. To achieve this aim the specific objectives are to: (1) review the application of different data sources and scientific methods resulting from dendromorphological analysis; and (2) analyse the preliminary results from case studies in which this protocol is followed.
BACKGROUND AND STATE OF THE ART
Dendrogeomorphology is a relatively recent branch of science, especially compared with other closely related sub-disciplines such as dendroclimatology. In fact, both derive from dendrochronology, the science of dating treerings to characterize and synchronize environmental changes that have taken place, or for dating archaeological remains. The origins can be traced back to Leonardo da Vinci's observations in the late 15th and early 16th centuries (France manuscripts M 78v and 79r), but it was not until the early 20th century that the theoretical bases were established (Douglass , ). However, its laws and principles, although originating in the 18th century with theories such as uniformitarianism, were not explicitly formulated until the 1970s (Fritts ): uniformitarianism, limiting factors, ecological range, aggregate tree-ring growth (Cook ), site selection, replicate measurement and cross-dating.
The early dendrogeomorphological studies on the relationship between tree-rings and geomorphological processes date from the 1960s (La Marche ), but it was not until a few years later that the first publications appeared using this term (Alestalo ) . In general, these dealt with the application of dendrochronological techniques to the study of erosive processes of soils, snow avalanches, slope mass movements (rockfalls, rock avalanches, landslides, etc.) and surface dating, among others. • Detail of the information extracted: formerly, tree-rings were only studied as indivisible elements, whereas nowadays, plant histology and plant cytology techniques are applied (Ballesteros et al. a, b) that allow zone rescaling within the tree-ring and identification of even the season and month when the disturbance occurred (Stoffel et al. ) and differentiation between various processes in mountain areas (avalanches, flash floods, debris flows, etc.).
• New data from dendrogeomorphological analysis, from 
FIRST METHODOLOGICAL PROPOSAL: CLASSIFICATION OF FLOOD DENDROGEOMORPHOLOGICAL EVIDENCE
As mentioned above, dendrogeomorphological techniques have been applied to the analysis of flood risks for more than four decades. As there is no classification or any commonly accepted nomenclature of dendrogeomorphological evidence in use today, and our review of many studies revealed inconsistencies in the description of dendrogeomorphic data, we elaborated a simplified classification of evidence used in flood analysis. Therefore, this system would facilitate realization of cross studies and spatial correlation of the results, and it would also be useful as a guide to novice researchers in this field, providing a basic doctrinal corpus.
The conductive thread of this classification is the spatial scale of the evidence (from macro-to microscopic, from kilometres to microns) and the scale of studied elements (from forest communities and vegetal formations to changes in cell structure). More than 29 types of disturbance signs have been distinguished and hierarchically arranged, with 15 of them referring to entire individuals (tree or bush) or their parts (trunk, branches or roots).
The classification has a cross-tabular shape (Table 1) However, not all signs appear to be equally useful for the reconstruction of magnitudes or frequencies of past flood events. Using a cross table (Table 2) , the most significant signs are shown in the sense that they provide the date as well as the area affected by an event, the minimum levels reached that can later be used for the estimation of peak flows with hydraulic modelling and simplified equations (e.g., critical flow, super-elevation) (e.g., Elleder et al. ).
SECOND METHODOLOGICAL PROPOSAL: A 15-TASK WORKING PLAN WITH ADVANCED TECHNIQUES
A working plan has been drawn up structured into 15 activities or tasks and its relationships and links as shown in Figure 3 . To carry out the activities and tasks envisaged in the working plan, simultaneous and complementary analysis and synthesis-based methodological approaches may be adopted with a sequential combination of field data acquisition methods, in-laboratory study protocols, and deskbased processing and analysis methods.
The first steps of the field data acquisition, i.e., geomorphological analysis (task 1) and flora characterization (task 2) should be carried out using classical methods that do not require specific adaptations or additional expla- and exposure of the tree root system (e.g., by erosion of river banks or pedestal effect on bars and islands), and which may have led to reduced leaf system production (crown) should also be investigated, observing possible Also flood frequency analysis (task 13), using the combination of systematic and palaeoflood data from dendrochronological sources, has some particularities.
When the dates of the flood events and their estimated flows are available, these can be used to produce a statistical analysis to allow a frequency distribution function adjusted to these flows. For this, different formulas can be used to assign sample probability to different events, depending on whether they are exact, minimum or maximum levels, and on their degree of certainty (classified as EX, LB, UB and DB type); and specific frequency distribution functions should be used (for both stationary and non-stationary models) based on setting thresholds or ranges, which have already been successfully used for including historic and palaeohydrological data (Francés ; Macdonald ). To facilitate these analyses, various computer applications that implement these formulas can be used is necessary for two reasons: to allow other research teams to follow these techniques; and more importantly, to allow other scientists to replicate the analysis outlined in this work, to ensure they achieve the same results. For this reason, we consider it important to explain all the details of our advanced methods, and bring them to the scientific community so they can be corrected and completed.
Some of the methodologies presented are classical techniques that require no further discussion, such as tasks 1, 2, 4 and 11 to 15. Another group is pertinent to the dendrochronological field and these tasks (3, 5, 6, 7 and 9) are well developed in the scientific literature ( is not just a dendrogeomorphological analysis using its own techniques. Other aspects of population dynamics, species distributions and densities, etc., which are not studied exclusively in tree-ring dendrochronology, must also be taken into account.
The assignment of data obtained for each type of evidence (Table 2) , although based on scientific literature and our own experience, remains hypothetical at present as very little work has been done to demonstrate validity. It would therefore be interesting to explore new areas with suitable studies, for example, using the angle of tilt of trees to obtain previous flood energy levels and thus estimate the water depth of palaeofloods. 
CONCLUSIONS

